It has been hypothesized that age at infection with a common microbial agent may be associated with the risk of multiple sclerosis (MS). The authors addressed this hypothesis by using number of older siblings and other sibship characteristics as an approximation of age at exposure to common infections. Data on family characteristics and vital status from the Danish Civil Registration System were used to establish a cohort of all Danes whose mothers had been born in Denmark since 1935. Persons diagnosed with MS during the period 1968-1998 were identified through linkage with the Danish Multiple Sclerosis Register. The cohort of 1.9 million Danes was followed for 28.1 million person-years; during that time, 1,036 persons developed MS. Overall, there was no association between number of older siblings, number of younger siblings, total number of siblings, age distance from the nearest younger sibling, or exposure to younger siblings under 2 years of age and risk of MS later in life. There was no association of MS risk with multiple birth (vs. singleton birth) or with the age of the mother or father at birth. These results do not lend support to the hypothesis that number of older siblings or any of the other sibship characteristics studied is associated with risk of MS.
Multiple sclerosis (MS) is believed to be an immunologic disorder caused by both genetic and environmental factors, possibly including viral infections (1, 2) . In particular, several epidemiologic observations lend support to the hypothesis that MS could result from an aberrant immune response, possibly triggered by an infection acquired late in childhood or during adolescence (3, 4) . Accordingly, the association between risk of MS and age at incurring one of several suggested candidate infections has been studied (5, 6) . However, these studies have been carried out in small populations and with the possibility that recall of age at infection decades later could have biased the results. This may be particularly true for reinfections. In addition, subclinical infection cannot be studied in this way.
Another approach taken to address the hypothesis has been to approximate exposure to infections using sibship characteristics. Accordingly, number of siblings is believed to be associated with the risk of exposure to common infections, and birth order is believed to be inversely associated with the age at which such infections occur (7) (8) (9) (10) (11) (12) . According to the proposed hypothesis, children with few siblings and/or of early birth orders would be more likely to develop MS. For allergic rhinitis and atopy, the existence of an inverse association with birth order has been proven by consistency in many studies, and its existence motivated the so-called hygiene hypothesis as an explanation for the allergy epidemic in affluent countries (13, 14) . Fewer and smaller studies exist on MS and birth order; results have been very inconsistent, and several of the studies have suffered from severe methodological problems (6, (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Thus, to investigate whether age at exposure to a common microbial agent is associated with risk of developing MS, we took advantage of the high quality of information in Danish national registers and established a nationwide cohort that was followed for development of MS and assessed for number of older siblings (i.e., birth order) and other relevant sibship characteristics.
MATERIALS AND METHODS
Data from the Civil Registration System were used to generate a complete sibship database for persons born to Danish women. Since April 1, 1968 , all residents of Denmark have been recorded in the Civil Registration System and assigned a unique personal identification number. Individual information is kept under this identification number in all national registers, ensuring precise and secure linkage of person-identifiable information between registers. The Civil Registration System also includes person-identifiable information on date of birth, sex, place of birth, vital status, and, for most persons born since the beginning of the 1950s, information on parents and offspring (34) . We established a population-based sibship database by extracting data on all women born in Denmark since 1935 and all of their offspring who were alive on April 1, 1968, or born between that date and December 31, 1988 . The offspring constituted the study cohort.
Information about MS in cohort members and their parents was obtained through linkage with the Danish Multiple Sclerosis Register. The Danish Multiple Sclerosis Register was formally established in 1956, in continuation of a nationwide MS surveillance study that began in 1949. Since then, the register has collected clinical information on all MS patients in Denmark (35) . It is the longest-running nationwide MS register in the world (36) . Cases have been classified by only three neurologists since the register's inception. The cases fulfill the diagnostic criteria of Allison or Poser (including possible MS) (37) (38) (39) , and the diagnoses are consistent over time. The register has been estimated to be more than 90 percent complete (36) .
The possible impacts of sibship characteristics on MS risk, measured by incidence rate ratios, were investigated in a follow-up study using log-linear Poisson regression models (40) . The studied sibship characteristics at age 10 years were: number of older siblings, number of younger siblings, total number of siblings, age distance from the nearest younger sibling (<2, 2-<6, or 6 years), and number of years exposed to younger siblings under 2 years of age (<1, 1-<3, 3-<5, or 5 years). We also studied whether being a member of a multiple birth versus being a singleton was associated with MS and whether the age of the mother or father at birth was associated with MS. Children born on the same day or an adjacent day as a sibling were considered members of a multiple birth.
Overall, the study cohort consisted of 1,903,625 persons who were followed for MS from their 10th birthday or April 1, 1968, whichever came last, until MS diagnosis, death, emigration, or December 31, 1998, whichever came first. The results were adjusted for the potential interaction between sex and calendar period and the potential interaction between sex and age using quadratic restricted splines, where quadratic functions were connected at 15, 20, 25, 30, and 35 years (41, 42) . All analyses were also adjusted for parental MS (yes, no). Parents were considered to have MS if one or both had ever been diagnosed with MS. Additional adjustments were carried out for age of the mother at birth (<20, 20-24, 25-29, or 30 years), number of older siblings (0, 1, 2, or 3), and number of younger siblings (0, 1, 2, or 3).
Maximum likelihood estimation was performed using the GENMOD procedure in SAS (version 8.02; SAS Institute, Inc., Cary, North Carolina). Two-sided p values were based on likelihood ratio tests, and 95 percent confidence intervals were based on Wald's tests. Trend slopes were estimated by treating categorical variables of interest as quantitative y RR, rate ratio; CI, confidence interval. z RR1 was adjusted for the potential interaction between sex and calendar period, the potential interaction between sex and age, and parental multiple sclerosis.
§ RR2 was adjusted for the same factors as RR1, as well as for age of the mother at birth and number of younger siblings.
{ RR2 was adjusted for the same factors as RR1, as well as for age of the mother at birth and number of older siblings.
# RR2 was adjusted for the same factors as RR1, as well as for age of the mother at birth. ** RR2 was adjusted for the same factors as RR1, as well as age of the mother at birth, number of older siblings, and number of younger siblings. yy RR2 was adjusted for the same factors as RR1, as well as for number of older siblings and number of younger siblings. zz The test for trend was based on 1-year categories (for age of the father, the missing-data group was not included in the trend test).
variables. Trends for ages of the mother and father at birth were estimated using 1-year categories. Effect modification by year of birth (1950-1959, 1960-1969, or 1970 onward) and age was evaluated by including interaction terms in the model.
RESULTS
Overall, 1,036 persons aged 10 years or more were diagnosed with MS during the 28.1 million person-years of follow-up. Table 1 shows the distribution of MS cases by gender, age, year of birth, and family history of MS. Table 2 shows rate ratios for MS according to number of older siblings, number of younger siblings, total number of siblings, being a member of a multiple birth, and ages of the mother and father at birth. Overall, there was no significant association between the MS rate ratio and number of older siblings or total number of siblings. There was a tendency for the MS rate ratio to increase with decreasing number of younger siblings; however, the trend was not significant (p ¼ 0.08). The trend estimate for the MS rate ratio for each of these exposures was not modified by year of birth. Neither was there an association with being a member of a multiple birth as compared with being a singleton or with the age of the mother or father at birth.
For number of older siblings and total number of siblings, the effect on the MS rate ratio was the same for subjects under age 30 years and subjects aged 30 years or more. For number of younger siblings, the rate ratio increased with decreasing number of younger siblings among subjects below age 30 years (rate ratio (RR) for trend ¼ 0.87, 95 percent confidence interval (CI): 0.79, 0.96) but not among subjects aged 30 years or more (RR for trend ¼ 1.04, 95 percent CI: 0.92, 1.18). When the effect of younger siblings was stratified by year of birth, ages <25 and 25 years, ages <30 and 30 years, and year of birth and ages <30 and 30 years yielded the same results.
To conform the analyses of younger siblings with those of a recent study (23) (see Discussion), we also analyzed the rate ratio for MS according to cumulative years of having younger siblings under 2 years of age. Overall, there was no association; the trend estimate for the rate ratio was 0.98 (95 percent CI: 0.91, 1.06) after adjustment for sex 3 calendar period, sex 3 age, parental MS, age of the mother at birth, and number of older siblings. Stratifying by year of birth and age <30 years/30 years yielded the same result, although for births occurring after 1970, the trend estimate for MS diagnosed at ages below 30 years was 0.87 (95 percent CI: 0.71, 1.07), and no cases were aged 30 years or more. Furthermore, the rate ratio for MS was not associated with age distance to the nearest younger sibling (p ¼ 0.44). Table 3 shows rate ratios for MS according to combinations of number of older siblings and total number of siblings. Compared with only children, there was no evidence of an increased MS rate ratio with decreasing number of older siblings when the total number of subjects' siblings was one, two, three, or four or more. In fact, second-born children in families with two children had an increased MS rate ratio in comparison with only children (RR ¼ 1.32, 95 percent CI: 1.01, 1.70). Overall, there was no effect of interaction between total number of siblings and number of older siblings on the rate ratio for MS (p ¼ 0.70).
The results presented did not change materially when subjects with a diagnosis of possible MS (n ¼ 131) were not considered MS cases in the analysis; neither did the results change materially without adjustment for sex.
DISCUSSION
The present population-based cohort study was based on detailed information on MS and family characteristics for a large nationwide cohort of Danes. The results do not support an increased risk of MS with decreasing number of older siblings as previously suggested (15, 31, 32) , nor do they suggest an overall association with number of younger siblings, total number of siblings, age distance to the nearest younger sibling, years of exposure to younger siblings under 2 years of age, being a member of a multiple birth versus being a singleton, or age of the mother or father at birth. Selection bias, which may have hampered previous studies, was considered minimal here, because we used information from nationwide registries of high quality. Furthermore, we took variations in population family size over time into account by adjusting for a possible calendar effect on sibship characteristics. The majority (76 percent) of the studied MS patients were born before the 1970s, the era when day-care attendance began to increase in Denmark. Among children aged 2 years, 16 percent attended day care in 1973, 41 percent in 1983, and 49 percent in 1992 (43) . Therefore, the lack of support for the hypothesis that firstborn children tend to be infected at a late age and consequently are at increased risk of MS was not likely to be explained by many firstborns' attending day care, thereby being exposed earlier to infections. In fact, there was no association between the rate ratio for MS and number of siblings in any stratum of birth year (1950-1959, 1960-1969, and 1970 or later) .
In contrast to our results, in a recent large case-control study of 4,443 Swedish MS patients, Montgomery et al. (15) reported an inverse association between MS risk and number of siblings, both older and younger, and a decreased risk of MS among twins. The Swedish findings also contrasted with the lack of association reported in most previous casecontrol studies for number of older siblings (6, (16) (17) (18) (19) (20) (21) (22) (23) (24) and total number of siblings (6, 16, 22, 33) . Although the authors did not rule out the possibility that the associations they found, including a greater age distance to the nearest sibling among MS patients, could be explained by late exposure to infections, they were more inclined toward the interpretation that increased risk of MS could be associated with reduced fertility among parents of MS patients. To support this, they also reported that the age of the father was associated with risk of MS (15) . We found no association with the age of the father. However, Montgomery et al.'s population was missing up to half of all deceased persons, and 25 percent of cases and 15 percent of controls were excluded because of incomplete information on siblings (15) . The possibility that this could have affected their results cannot be excluded.
The analyses presented by Ahlgren and Andersen (30) from another Swedish study of 258 MS patients illustrated how serious bias could have been introduced into the earliest studies of MS and birth order because the birth order distributions of MS patients were compared with a theoretical distribution based on the erroneous assumption that the population family size remains stable through time (24) (25) (26) (27) (28) (29) 31) . Investigators in later studies avoided this bias by using a case-control design matching the data on time of birth (6, (16) (17) (18) (19) (20) (21) (22) (23) (24) (31) (32) (33) , but only a few of the studies, based on relatively small and selected case materials, observed an association between low birth order and increased risk of MS (31) (32) (33) . Among the larger of these case-control studies, Bager et al. (6) reported no association in a study of 455 MS patients, and in another study of 301 female MS patients, Hernan et al. (33) reported an increased risk of MS among firstborn siblings in large sibships (4) , although the trend analysis was less convincing.
In a recent case-control study of 136 MS patients in Tasmania, Australia, Ponsonby et al. (23) reported risk of MS to be associated with a decreasing number of younger siblings but not older siblings. In particular analyses, the authors showed that patients were diagnosed at a young age less often if they had lived in the same house with younger siblings under 2 years of age during the first 6 years of life (23) . Their focus on that exposure, and not exclusively the number of younger siblings, was based on their assumption that it is a specific marker of reinfections transmitted from younger siblings of very low age. We did not reproduce their result using comparable analyses of MS among two million Danes. We observed that patients were diagnosed at a young age less often when they had younger siblings, but this could not be attributed to the number of years exposed to younger siblings of very low age. In addition, being closer in age to the nearest younger sibling was not associated with fewer diagnoses of MS. When the findings are analyzed together, our results are not compatible with the Tasmania study or its basic hypothesis (23) .
Finally, it has been hypothesized that children who are members of a multiple birth may tend to have increased exposure to infections early in life from close contact between multiple siblings (44) . However, we found no association between being a member of a multiple birth and the rate ratio for MS. In a case-control study of 241 MS patients, Antonovsky et al. (22) reported that a significantly higher percentage of MS patients than of controls were born to mothers aged 40 years or more but not to mothers aged 30 years or more, although numbers were small. As in the larger Swedish study (15) , we found no association between MS and the age of the mother.
In conclusion, these results do not lend support to the hypothesis that age at infection with a common microbial agent, as approximated by number of older siblings or any of the other sibship characteristics studied, is associated with risk of MS.
